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Abstract: This study assessed the concentrations of cadmium in the gills, livers and muscles 
of a commercially important tilapia fish (Sarotherodon melanotheron) from Aby Lagoon in 
Adiaké, Côte d’Ivoire, between January and December, 2010. The organisms were grouped 
into two composite samples (juvenile and adult) of five individuals. Levels of cadmium 
were  determined  in  tissues  using  Perkin-Elmer  (AAnalyst 200)  Atomic Absorption 
Spectrophotometry  (AAS)  after  a  digestion method.  Fish muscle appeared to have a 
significantly higher tendency to accumulate cadmium (1.19–5.18 µg/g dw) while gills and 
livers had minimum concentrations (0.07–1.32 and 0.12–1.25 µg/g dw). This study has 
revealed that the concentrations of Cd in Sarotherodon melanotheron muscle tissue were 
above the maximum acceptable concentrations for human consumption, thus precautions 
need to be taken in order to prevent future contamination. 
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1. Introduction 
Generally, heavy metal pollution  in the aquatic environment is the result of industrial wastes, 
geochemical structure and mining activities. Under some environmental conditions, heavy metals may 
accumulate to a toxic concentration [1], and cause ecological damage [2]. Pollution enters fish through 
five main routes: via food or non-food particles, gills, oral consumption of water and the skin. The 
absorbed pollutants are then carried in the blood stream to either a storage point or to the liver for 
transformation and/or storage. 
Heavy metals are present in the aquatic environment where they bioaccumulate along the food 
chain. For this reason, determination of chemical quality of aquatic organisms, particularly the contents 
of heavy metals is extremely important for human health. Therefore, the problem of food (including 
fish) contamination by toxic metals is receiving global attention. 
Fish are often used as subjects to investigate toxic substances present in water [3], as studies have 
indicated that fish are able to accumulate and retain heavy metals from their environment and that 
accumulation of metals in tissues of fish is dependent upon exposure concentration and duration as 
well as other factors such as salinity, temperature hardness and metabolism of the animals [4,5]. 
Besides the importance of Aby Lagoon to local fisheries and also its biodiversity, this lagoon is 
considered as a wildlife protection area. For the past several decades, the increasing usage of heavy 
metals in industry has led to serious environmental pollution through effluents and wastes. The 
enrichment of heavy metals in Aby Lagoon has been reported in previous research papers [6,7]. In the 
present work, cadmium accumulation levels in fish tissues (livers, gills and muscles) of   
Sarotherodon melanotheron  from Aby Lagoon were determined to assess the public health risks 
associated with consuming fish harvested from this area. 
2. Experimental Section  
2.1. Study Area 
The study was carried out in the Côte d’Ivoire’s  rural Aby Lagoon system,  located between 
longitudes 2°51'N and 3°21'N and latitudes 5°05'W and 5°22'W. Two main tributaries (Bia and Tanoe) 
are escape routes from anthropogenic and mining operations within its watershed in Côte d’Ivoire and 
Ghana [8]. Fish samples were collected at Adiake station during the three main seasons (January to 
April, May to August and September to December) (Figure 1). Int. J. Environ. Res. Public Health 2012, 9                 
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Figure 1. Map showing Aby lagoon and sampling site. 
 
2.2. Sampling Method 
Sarotherodon melanotheron species were caught with local fishermen’s nets seasonally and taken 
daily to the laboratory. Temperature and pH were also measured using a WTW pH 90; dissolved 
oxygen was measured using a Crison Oxy 330 and salinity was measured using a WTW 340i type 
conductivity meter. 
2.3. Samples Preparation 
The same day of sampling, fish were transported to the laboratory prior to analysis. Fish samples 
were thawed at room temperature. The organisms were grouped into two composite samples (juvenile 
and adult) of five individuals for each season. Their length was recorded (Table 1). 
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Table 1. Size (cm) of Sarotherodon melanotheron specimens. 
 
Dry Season 
(Jan.–Apr.) 
Rainy Season 
(May–Aug.) 
Flood Season 
(Sep.–Dec.) 
Juvenile  Adult  Juvenile  Adult  Juvenile  Adult 
M ± sd  15.5 ± 0.28  22.8 ± 2.02  15.25 ± 0.1  21.1 ± 0.7  15.38 ± 0.3  21.7 ± 0.8 
Min-Max  [15.2–15.8]  [19.5–25.0]  [15.1–15.4]  [20.1–21.8]  [15.1–15.8]  [20.5–22.4] 
%CV  2  9  1  3  2  4 
M ± sd: Mean values ± standard deviation, Min: minimum, Max: maximum, %CV: Coefficient of variance 
2.4. Preparation of Standard Solutions 
Calibration standards were prepared from aqueous certified standard of cadmium (Perkin Elmer), 
and the acid concentration of the samples was adjusted in order to minimize the matrix effect. The 
concentration of all commercial stock solutions (reference standard) is 1000 ppm in order to ensure 
stability. Standards of 1, 2 and 3 ppm were prepared. We performed a calibration according to the 
requirements of Directive 2001/22/EC of the European Commission on March 8, 2001. A pure blank 
(control) were also prepared to check the quality of the samples.  
2.5. Preparation of Samples for Assaying Through Atomic Absorption Spectrophotometer (AAS) 
Fishes were dissected using stainless steel scalpels. Tissues (livers, gills and muscles) were dried to 
constant weight at 60 °C. The grinding technique does not necessarily produce a uniform sample, but it 
facilitates the digestion step and increases the level of reproducibility and cross-contamination between 
samples is negligible. After grinding aliquots of approximately 0.2 g dried liver, 0.4 g dried gill and 
0.4 g dried muscle were digested in Teflon beakers for 12 h at room temperature and then for 4 h at 
100 °C with 5 mL Suprapur nitric acid (65%, Merck). The samples were cooled to room temperature 
and then transferred to 25 mL volumetric flasks with 2% of HNO3. The samples were filtered through 
a 0.45 µm membrane filter [9]. A Perkin Elmer (AAnalyst 200) Atomic Absorption Spectrophotometer 
was employed for the analysis. The assay was performed by interpolation on standard curves prepared 
from standard solutions. 
2.6. Calculations 
The results are expressed in µg/g dry weight or µg/g dw. To get the corrected concentration this 
value was multiplied by the dilution factor of the sample and divided by the initial weight of the 
sample before digestion [10]: 
Actual concentration of metal in sample = ppmR × dilution factor 
ppmR = AAS Reading of digest 
Dilution Factor = Volume of digest used ⁄ Weight of sample digested 
Reference toxicological values Int. J. Environ. Res. Public Health 2012, 9                 
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According to European Regulation EC No 466/2001, the permitted maximum concentration of Cd 
in fish is 0.05 mg/kg. 
2.7. Statistical Analyses 
Each reported result was the average value of triplicate measurements.  Data are presented as   
min–max values and mean ± standard deviation (SD). The calculations were carried out in EXCEL. 
The software used for descriptive statistics was SPSS 17.0 for the averages and standard deviations. 
Because the data were not normally distributed, statistical analyses were performed by non-parametric 
tests The Student test at a probability of 5% using the section « compare means, one way ANOVA » 
was used. 
3. Results and Discussion 
3.1. Results 
The physicochemical parameters of water samples in Aby Lagoon for dry, rainy and flood seasons 
are presented in Table 2. There is no significant difference between the three seasons. Maximum 
dissolved oxygen (10.81 mg/L) was recorded in the dry season. The higher value of salinity (6.2) was 
obtained in the dry season and the lowest (1.5) in the flood season. 
Table 2. Physicochemical parameters in the Aby lagoon during seasons. 
  Dry Season  Rainy Season  Flood Season 
pH  9.02 ± 0.02  8.5 ± 0.1  9.2 ± 0.1 
T°C  30.6 ± 0.3  30.9 ± 0.4  31.9 ± 0.1 
Salinity  6.2 ± 0.4  1.9 ± 0.3  1.5 ±0.1 
*DO  10.81 ± 0.02  3.8 ± 0.1  3.04 ± 0.01 
*DO: Dissolved oxygen (mg/L). 
3.1.1. Cadmium Contamination 
The comparison between juvenile and adult fish showed that cadmium concentrations in tissues 
were not  significantly different  (p  value <0.05)  during the three studied seasons  (Figures 2, 3   
and 4). The highest cadmium concentrations were found in muscles of juvenile fish (3.95 ± 1.87, 4.28 
± 3.64,  5.18  ± 2.09  µg/g dw,  respectively dry; rainy and flood season).  The highest cadmium 
concentrations in livers (1.27 ± 0.71, 0.99 ± 0.38 µg/g dw, respectively, for juvenile and adult fish) 
were found during the rainy season, while the highest cadmium concentrations in gills (1.16 ± 0.93, 
1.32 ± 0.30 µg/g dw, respectively, in juvenile and adult fish) were found during the dry season. The 
flood season was characterized by the lowest liver cadmium concentration (0.25 ± 0.11 µg/g dw to 
0.20 ± 0.03 µg/g dw). Consequently, the fish tissue contamination by cadmium varied with the season. 
During the dry season the ranking of cadmium contamination was muscles > gills > livers. During the 
rainy season the ranking is muscles > livers > gills. Int. J. Environ. Res. Public Health 2012, 9                 
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Figure 2.  Seasonal variation of cadmium  concentrations in muscle  tissues of tilapia 
(Sarotherodon melanotheron). 
 
Figure 3.  Seasonal variation of cadmium concentrations in liver tissues of  tilapia 
(Sarotherodon melanotheron). 
 
Figure 4.  Seasonal variation of cadmium concentrations in  gill tissues of tilapia 
(Sarotherodon melanotheron). 
 Int. J. Environ. Res. Public Health 2012, 9                 
 
827 
3.2. Discussion 
The uniformity of water temperature readings may be linked to the shallowness of Aby Lagoon. 
The dissolved oxygen levels were generally low and below the critical level of 5 mg/L for fish. Lower 
dissolved oxygen concentration was usually observed at the height of the wet season during which 
nutrients and debris are flushed into Aby Lagoon with the influx of fresh water from the adjoining 
rivers (Bia and Tanoe). The months of April to October in West Africa are usually the rainy season. 
This situation is similar to that reported by McLusky [11] whereby heat generated by sunlight in the 
dry season months would also cause evaporation of the surface water making it more saline. 
The results showed that the cadmium accumulation of muscle tissues in dry (3.95 ± 1.87µg/g dw to 
2.98 ± 2.36 µg/g dw), rainy (4.28 ± 3.64 µg/g dw to 2.54 ± 0.97 µg/g dw) and flood (5.18 ± 2.09 µg/g 
dw to 1.19 ± 0.61 µg/g dw) seasons were relatively higher when compared to European Regulation EC 
No 466/2001 and FAO/WHO [12] maximum recommended limits of 0.5 mg/kg in fish food. Metal 
accumulations in fish bodies appear as site specific, corresponding with the metallic toxicity of three 
aquatic components, viz. water, plankton and sediments [13]. Those heavy metals which form a high 
proportion  of the industrial, municipal and domestic wastes are also found in large proportion in 
pesticides, fungicides and fertilizers used in agriculture in the Adiake area of South-East Côte d’Ivoire. 
This situation could also be caused by the mining activities and the lack of environmental regulations. 
However Obodai et al. [14] and Laar et al. [15] found also in Sarotherodon melanotheron from 
Benya Lagoon and Sakumo Lagoon (Ghana) low concentrations of heavy metals below the permissible 
limits.  The levels were also low in comparison to the 0.576–1.257 mg/kg recorded in fishes of 
Olomoro water bodies [16] and 0.270 mg/kg reported for fishes of the River Niger [17]. 
Cd profiles recorded in this study were muscle ˃ gills ˃ livers (dry season) and muscle ˃ livers ˃ 
gills (rainy season). The muscle showed the greatest accumulation of Cd. No similar patterns of Cd 
accumulation have also been reported in similar studies in fish [6]. Dural et al. [18] and Ploetz et al. [19] 
reported highest levels of cadmium in the liver and gills of the  fish species Sparus aurata, 
Dicentrachus labrax, Mugil cephalus and Scomberomorus cavalla. Yilmaz et al. [20] reported that in 
Leuciscus cephalus and  Lepornis gibbosus, cadmium accumulations in the livers  and gills were 
maximum, while the accumulations were least in fish muscle. 
It is important to note that the frequent consumption of Sarotherodon in that area could have serious 
health implications. These findings suggest that heavy metals (such as Cd), which have high affinity 
for thiol groups, make proteins and peptides susceptible to structural modifications in sub-cellular 
compartments and tissues as in skeletal muscle. Some authors have already observed that cadmium 
alters calcium homeostasis [21]. Excessive exposure of human to cadmium can cause death due to its 
toxicity [22]. It enters cells and accumulates in high concentrations in the cytoplasmic and nuclear 
space [23]. It has a high affinity for the liver and kidneys [24]. The phenomenon of acute toxicity in 
humans has been known since 1950 as Itai-Itai syndrome defined by the association of renal failure 
with osteoporosis (demineralization and weakening of bones) and osteomalacia (demineralization and 
deformation of bones). It is carcinogenic [25,26] and teratogenic [27]. Genotoxic and apoptosis effects 
were observed in several types of cells [28]. Int. J. Environ. Res. Public Health 2012, 9                 
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4. Conclusions  
Sarotherodon melanotheron from Aby Lagoon are fairly contaminated with cadmium and may be 
toxic to other aquatic fauna and poisonous to human consumers through the trophic web. Results 
generally showed that cadmium concentrations were highest in the muscle and lowest in the gill and 
liver.  Thus,  cadmium pollution seems to be one of the reasons  behind the drastic decline of fish 
observed in Aby Lagoon. Regular monitoring of levels is necessary to assess the impact of heavy 
metals in this aquatic system. 
Acknowledgments 
This study was supported by a grant from the “Agence Universitaire de la Francophonie” (AUF). 
We express our gratitude to Didier Lecomte, Veronique Mambo,  Edmond Sika,  Ossey Yapo,  
Seyram Sossou, Lydie Yiougo, Moustapha Ouedraogo, Mariam Sou, Franck Lalanne, Hadiza Moussa 
and Daouda Sanguisso. We also greatly appreciate the suggestions from the anonymous referees for 
the improvement of our paper. 
Conflict of Interest 
The authors declare no conflict of interest.  
References 
1.  Güven, K.; Özbay, C.; Ünlü, E.; Satar, A. Acute lethal toxicity and accumulation of copper in 
Gammarus pulex (L.) (Amphipoda). Turk. J. Biol. 1999, 23, 513–521. 
2.  Freedman, B. Environmental Ecology. The Impacts of Pollution and Other Stresses on Ecosystem 
Structure and Function; Academic Press: San Diego, CA, USA, 1989. 
3.  Alibabić, V.; Vahčić, N.; Bajramovi, M. Bioaccumulation of metals in fish of Salmonidae family 
and the impact on fish meat quality. Environ. Monit. Assess. 2007, 131, 349–364. 
4.  Allen, P.  Chronic  accumulation of cadmium in the edible  tissues of  Oreochromis aureus 
(Steindachner): Modification by mercury and  lead.  Arch. Environ. Contam. Toxicol.  1995,  
29, 8–14. 
5.  Karthikeyan, S.; Palaniappan, P.L.R.M.; Sabhanayakan, S. Influence of pH and water hardness 
upon Nickel accumulation in edible fish Cirrhinus mrigala. J. Environ. Biol. 2007, 28, 484–492. 
6.  Metongo, B.S.; Gbocho, G.B. Biological accumulation of some trace elements (Cd, Cu, Mn, Zn) 
in a bivalve Arcasenilis. J. Ivoir. Oceanol. Limnol. 2007, 4, 11–21. 
7.  Akpetou, K.L.; Kouassi, A.M.; Goula, B.T.A.; Assemian, S.; Aka, K. Nutrients induction on lead, 
cadmium, manganese, zinc and cobalt speciation in the sediments of Aby lagoon (Côte d’Ivoire). 
Int. J. Eng. Sci. Technol. 2010, 2, 3894–3900. 
8.  Claon, S.  Exposition de l’écosystème et des Populations Riveraines de la Lagune  Aby au 
Mercure, arsenic et Sélénium. Ph.D. Dissertation, l’Université de Cocody, Abidjan, 2004. 
9.  Henry, F.;  Amara, R.;  Courcot, L.;  Lacouture, D.;  Bertho, M.-L. Heavy metals in four fish 
species from the French coast of the Eastern English Channel and Southern Bight of the North 
Sea. Environ. Int. 2004, 30, 675–683. Int. J. Environ. Res. Public Health 2012, 9                 
 
829 
10.  Al-Weher, S.M. Levels of heavy metal Cd, Cu and Zn in three fish species collected from the 
Northern Jordan Valley. Jordan J. Biol. Sci. 2008, 1, 41–46. 
11.  McLusky, D.S. The Estuarine Ecosystem, 2nd ed.; Chapman and Hall: New York, NY, USA, 
1989; p. 214. 
12.  FAO/WHO. Principles of the Safety Assessment of Food Additives and Contaminants in Food 
Environmental Health Criteria; FAO/WHO: Geneva, Switzerland, 1987; No. 70. 
13.  Javed, M. Relationships among water, sediments and plankton for the uptake and accumulation of 
metals in the river Ravi. Ind. J. Plant Sci. 2003, 2, 326–331. 
14.  Obodai, E.A.; Boamponsem, L.K.; Adokoh, C.K.; Essumang, D.K.; Villawoe, B.O.; Aheto, D.W.; 
Debrah, J.S. Concentrations of heavy metals in two Ghanaian Lagoons. Arch. Appl. Sci. Res. 
2011, 3, 177–187. 
15.  Laar, C.; Fianko, J.R.; Akiti, T.T.; Osae, S.; Brimah, A.K. Determination of heavy metals in the 
black-chin tilapia from the Sakumo Lagoon, Ghana. Res. J. Environ. Earth Sci. 2011, 3, 8–13. 
16.  Idodo-Umeh, G. Water quality assessment of water bodies in Olomoro, Isoko South, Delta State, 
Nigeria using Physical, Chemical and Biological Indices. Ph.D. Dissertation, University of Benin, 
Benin City, Nigeria, 2002. 
17.  Okoronkwo,  I.P. Heavy metals content in Water and Fish of River Niger at Yelwa–Yauri.  
M.Sc. Thesis, University of Benin, Benin City, Nigeria, 1992. 
18.  Dural, M.;  Goksu,  M.Z.L.;  Ozak,  A.A. Investigation of heavy metal levels in economically 
important fish species captured from the Tuzla Lagoon. Food Chem. 2007, 102, 415–421. 
19.  Ploetz, D.M.; Fitts, B.E.; Rice, T.M. Differential accumulation of heavy metals in muscles and 
liver of a marine fish (King Mackerel, Scomberomorus cavalla, Cuvier) from the Northern Gulf 
of Mexico, USA. Bull. Environ. Contam. Toxicol. 2007, 78, 134–137. 
20.  Yilmaz, F.;  Ozdemir,  N.;  Demirak,  A.;  Tuna,  A.L. Heavy metal levels in two fish species 
Leuciscus cephalus and Lepomis gibbosus. Food Chem. 2007, 100, 830–835. 
21.  Pratap, H.B.; Bonga, W.S.E. Calcium homeostasis in low and high calcium water acclimatized 
Oreochromis mossambicus exposed to ambient and dietary cadmium. J. Environ. Biol. 2007, 28, 
385–393. 
22.  Othumpangat, S.; Kashon, M.; Joseph, P. Eukaryotic translation initiation factor 4E is a cellular 
target for toxicity and death due to exposure to cadmium chloride. J. Biol. Chem. 2005, 280,  
162–169. 
23.  Satoh,  M.;  Kaji,  T.;  Tohyama,  C. Lowdose exposure to cadmium and its health effects.   
(3) Toxicity in laboratory animals and cultured cells. Nihon Eiseigaku Zasshi 2003, 57, 615–623. 
24.  Cai, Y.; Aoshima, K.; Katoh, T.; Teranishi, H.; Kasuya, M. Renal tubular dysfunction in male 
inhabitants of a cadmium-polluted area in Toyama, Japan—An, eleven-year follow-up study.   
J. Epidemiol. 2001, 11, 180–189. 
25.  Satoh,  M.;  Koyama,  H.;  Kaji,  T.;  Kito,  H.;  Tohyama,  C. Perspectives on cadmium toxicity 
research. Tohoku J. Exp. Med. 2002, 196, 23–32. 
26.  Banerjee,  S.;  Flores-Rozas,  H. Cadmium inhibits mismatch repair by blocking the ATPase 
activity of the MSH2-MSH6 complex. Nucleic Acids Res. 2005, 33, 1410–1419. Int. J. Environ. Res. Public Health 2012, 9                 
 
830 
27.  Hovland, D.N.; Cantor, R.M.; Lee, G.S.; Machado, A.F.; Collins, M.D. Identification of a murine 
locus conveying susceptibility to cadmium induced forelimb malformations. Genomics 2000, 63, 
193–201. 
28.  Kim, S.D.; Moon, C.K.; Eun, S.Y.; Ryu, P.D.; Jo, S.A. Identification of ASK1, MKK4, JNK,  
c-Jun, and caspase-3 as a signalling cascade involved in cadmium-induced neuronal cell 
apoptosis. Biochem. Biophys. Res. Commun. 2005, 328, 326–334. 
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 